It has recently been demonstrated by Menterl that electron micrographs of suitably oriented crystals of copper and platinum phthalocyanins may appear covered by striations separated by the known distance between molecular centers. These observations have also provided a striking demonstration of dislocations and other crystalline faults at the molecular level and are beginning to yield valuable information concerning the interaction between a coherent beam of electrons and a crystalline sample under the conditions requisite to high-resolution electron microscopy. In view of the wide potential usefulness of so direct a method of visualizing the separations of molecules having weights of a few hundreds, we have been examining a number of crystalline organic substances of suitable molecular size, to define more clearly the conditions under which these phenomena appear and to see how they differ from compound to compound. Such observations are needed to PROC. N.A.S. 1032 
It has recently been demonstrated by Menterl that electron micrographs of suitably oriented crystals of copper and platinum phthalocyanins may appear covered by striations separated by the known distance between molecular centers. These observations have also provided a striking demonstration of dislocations and other crystalline faults at the molecular level and are beginning to yield valuable information concerning the interaction between a coherent beam of electrons and a crystalline sample under the conditions requisite to high-resolution electron microscopy. In view of the wide potential usefulness of so direct a method of visualizing the separations of molecules having weights of a few hundreds, we have been examining a number of crystalline organic substances of suitable molecular size, to define more clearly the conditions under which these phenomena appear and to see how they differ from compound to compound. Such observations are needed to provide the data for an adequate detailed interpretation of what is seen and to indicate the types of compound that can be studied most profitably.
At the outset of this investigation2 a comparison was made between phthalocyanin itself and its copper compound; this demonstrated that, given crystals of suitable dimensions, the presence of heavy atoms in the molecule is not necessary for the production of good striations. The wider range of compounds that thus become worth examining probably have two properties evident in the phthalocyanins. One is a high sublimation temperature, indicative of a thermal stability sufficient to withstand the intense electron bombardment involved in the photography of their crystals. The other is a platy character to their molecules. Assuming that the observed striae do indeed represent molecular separations, they should best be developed from crystals with molecules that stack with a minimum of confused overlay; crystal-structure data show that large platy molecules often yield such crystals.
Because many of the commercially available indanthrene dyes have such large flat molecules and high thermal stabilities, they were chosen as a promising group of substances for the exploratory work of this laboratory. The first to be studied in detail-indanthrene scarlet R (C38H22N206)-has given the results to be described here.
The crystalline preparations for electron microscopy were made by vacuum sublimation of the dye directly onto conventional copper grids. Under suitable conditions, single crystals in the form of minute needles no more than 200-300 A thick will grow out into the meshes of these grids. They can be observed there without the substrate that would be required if preformed crystals were used. Most of the crystals growing on such a grid are, of course, not oriented to exhibit striations, but suitable individuals are found if enough preparations are examined. Approximately two hundred crystals showing striae have been photographed in the study of this dye.
The electron microscope used has been an early RCA EMU-2 instrument modified in this laboratory to give improved resolution and equipped with an auxiliary power supply to permit photography at an initial magnification of 50,000X. A magnification at least as high as this is essential if phenomena of the order of 20 A or less are to be seen with certainty against the confusion produced by photographic grain. The successful recording of crystalline striations with this instrument has been rendered difficult by the rapidity with which an obscuring layer of contamination builds up on specimens exposed to the electron beam. Since this accumulates at a rate of about 200 A per minute in a beam of the necessary intensity, all photographs must be made within less than 1 minute's total exposure of a crystal to the beam.
The series of striations photographed with crystals of indanthrene scarlet R are more complex than those seen with-phthalocyanin. Three characteristic separations, with the spacings 15.4, 19.3, and 28.1 A, have been found. Crystals showing the 19.3 A spacing ( Fig. 1) have closely resembled the phthalocyanin crystals in being covered by a pattern of black and white stripes of uniform width. Many of the 15.4 A patterns are equally uniform (Fig. 2, a) , but, as the other two photographs of this figure show, this is not always the case. In Figure 2 Occasionally, as in Figure 3 , c, they are more or less completely resolved to yield separations of 14.0 A; in Figure 3 , b, this splitting, though perceptible, is less developed. Figure 3 , e, is also interesting, in showing near the top of its crystal a twinning that leaves the striae uninterrupted but sharply changed in direction. The 14.0 and 15.4 A spacings differ by so little that a careful check was made to assure their distinctness; they can be distinguished with certainty. The intermediate 19.3 A pattern of striae has shown none of the complexity of the other two; it has always shown light and dark bands of approximately equal breadth (Fig. 1) .
The photographs made during the study of this dye have been sufficiently numerous to permit measurements of the constancy of the separations as observed from a given substance. Thus, in one set of data on 18 plates showing the 15.4 A spacing, the average variation is 1.4 per cent, and the maximum departure from the mean 3 per cent; in a similar determination of the intermediate spacing, the average value is 19.3 A + 1.3 per cent, and the maximum deviation from this is 2.5 per cent. The largest spacing is 28.0 A i 3.1 per cent. These separations thus are strictly constant within the limits of experimental error and give no indication of varying with small changes in crystal angle about an optimal position.
Three other indanthrene dyes have been examined. Two have yielded crystals that show striae; crystals of the third have always been too thick. Their separations, which reach down to 9 A (the lower limit that can be resolved by the available experimental arrangement), will be reported in detail when the examination has been completed.
It is obviously of the greatest importance to be sure of the interpretation to be given these striae. In the case of the phthalocyanins, the measured separations (of which there are two) agree so well with those to be predicted from X-ray diffraction studies that it is attractive to consider them qualitatively as views down crystals so oriented as to reveal molecular separations. It is natural to assume, as Menter has done and as is consistent with the theoretical treatment of Niehrs3 of phenomena to be expected from crystals of MgO, that one sees a composite of the zero-order image and the few crystalline diffractions formed and passed by the severely apertured electron optical system of the microscope. In this sense, it may be convenient to think of the electron image as a very incomplete Fourier projection of the molecular structure of the crystal produced by the automatic summation of the few crystalline reflections that can contribute to it. Very evidently, the striae are phenomena of interference. They critically depend for their appearance on both the orientation and the thickness of the crystal, and the photographs shown here demonstrate that they are as clear in micrographs taken on either side of focus as in pictures made at exact focus.
The X-ray diffraction data needed for a more detailed comparison between striae and structure are not yet available for indanthrene scarlet B. Measurements leading to the determination of the unit cell have, however, been undertaken, and these will permit such comparisons. Nevertheless, it is interesting to see hook the observed spacings compare with the probable length of the molecule. This dye has the following formula:
Crystal-structure studies of complex organic compounds indicate that the central part at least of such a molecule is planar; hence it is simple to calculate from these data the probable distance between molecular centers in the direction of the long axis. It proves to be 31.5 A.
It is important to distinguish between these striations and superficially analogous diffraction phenomena that have hitherto been observed in the electron microscope. These have been of two sorts. One is the system of equi-spaced bands to be seen covering minute MgO crystals viewed in an unapertured microscope.4 The separations of these bands may be uniform for one preparation, but, unlike the phenomena considered here, they will vary by as much as 100 per cent from preparation to preparation. Their separations are of a higher order of magnitude (200-300 A), and they shift position over the image of the crystal with change in objective lens current; undoubtedly they, but not the present phenomena, are diffraction effects produced by a crystal that is wedge-shaped. Crystals of MoO3 as studied by many microscopists give the best example of the other type of banding. These are usually much broader and less sharp and are produced by overlying crystals and not by single individuals. Under electron bombardment, crystals of MoO3 visibly alter and warp; the bands develop as this change is going on and form a moir6 pattern produced by diffraction taking place in superimposed crystals slightly displaced by this warping. As such, they are unrelated to the striae that are the object of the present study.
Summary.-High-resolution electron micrographs show suitably oriented, very thin crystals of the dye indanthrene scarlet R, CQH22N106, to be covered with patterns of striae analogous to those recently described by Menter from the phthalocyanins. Measurements of these striae are recorded, and their nature is briefly discussed.
